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Description 

This invention relates to a method of detecting a 
deflated tyre on a vehicle stiitat^ie for cars, trucks or 
the like, and particularly to the system disclosed in s 
for example French Patent Publication FR-A-2 568 
519 and European Patent Put)lication EP-A-0 291 
217. 

These patent applications propose using wheel 
speed signals from the vehtde wheels, such as for ex- io 
ample the signals from anti-lock braking systems 
which are multi-pulse signals or single-pulse signals 
for each rotation of each wheel. They compare the 
speed derived signals of the wheels in various ways 
to try to avoid false signals due to factors such as ve- is 
hide cornering, braking, accelerating, uneven and 
changing load etc. 

The method disclosed in French Patent Publica- 
tion FR-A-2 568 519 monitors the sums of the speeds 
of the diagonally opposed pairs of wheels for a long 20 
time or distance period so that it averaged out some 
of these errors. The result however was that the de- 
vice operated very slowly taking many kilometres to 
sense pressure loss. 

The method disdosed in European Patent Pub- 25 
lication EP-A-0 291 217 substantially improved this 
situation by calculating the lateral and longitudinal 
accelerations of the vehide using the same four- 
wheel speed signals and setting fixed limits above 
which the detection system was inhibited to avoid 30 
false signals due to cornering and acceleration. This 
system also suggested a correction for high vehide 
speeds and for the first time introduced the ability to 
calibrate the system to suit the partteular vehtde, and 
indeed the actual tyres fitted which themselves could 35 
have different properties from one another in respect 
of rolling radius. The calibration was carried out in 
straight line running, however, so whilst some vehide 
conditk>ns were allowed for the problems of detection 
during high speed running, cornering and braking un- 40 
der modern road conditions and particularly in higher 
performance vehicles could not be aOowed for. The 
resultant system still needed to be inhibited for detec- 
tion in a fair percentage of the vehk^le running time. 
Alt attempts to improve this position resulted in loss 45 
of sensitivity of the system and/or loss of ability to 
sense which wheel or w/heels was deflated if false sig- 
nals were not to occur and made applicatkin of the 
system less effective. 

An object of the present invention is to provide. so 
in a system of the at>ove type, the ability to sense de- 
flations during higher levels of vehide acceleration 
both laterally and longitudinally without false signals. 

According to one the present invention there is 
disdosed a method of detecting a deflated tyre on a ss 
vehide by comparing the rolling radii of the tyres by 
means of comparing angular velodty speed signals 
from wheel speed sensors one at each wheel. The 



method Is characterised by, before the comparison of 
the signals is carried out, calculating corrected wheel 
speed signals for each of the second, third and fourth 
wheels giving corrections for a set of factors compris- 
ing vehide speed, lateral acceleration and longitudi- 
nal (fore/aft) acceleration, the said corrections each 
comprising a constant for the factor concerned x the 
respective factor, the set of constants for each wheel 
being derived by taking the vehide through a range 
of speeds, lateral and fore/aft acceleratk>ns and using 
multiple regression techniques and the respective 
factors being calculated from the set of uncorreded 
wheel speed signals so that comparison of the wheel 
speeds can be made without false signals from tyre 
deflections caused by speed, lateral or fore/aft accel- 
eration induced tyre deflections. 

Preferably in addition the corrections comprise a 
further constant x the square of the lateral accelera- 
tion; and/or a further constant x fore/aft acceleration 
X lateral acceleration; and/or a further constant x 
speed x lateral acceleration; and/or a further constant 
X speed x fore/aft acceleration; and/or a further con- 
stant x speed x lateral acceleration x fore and aft ac- 
celeration; and/or a further constant x speed squared 
and/or a further fixed constant. 

Having carried out the corrections to the speed 
signals various comparisons between the speeds of 
the respective wheels can then t>e made depending 
upon the particular chorce of ratios made. 

The speed signals themselves may be multi-pul- 
se signals such as are typical from ABS-type wheel 
speed generators or may comprise single-pulses 
from a wheel speed signal generator vvhich gives a 
pulse for each revolution of the wheel. The speed sig- 
nals may therefore be digital pulse signals or time 
periods timing the time for one rotation of each wheel 
and in that case a correction may be made to give the 
four wheel speeds at the same instant in time such as 
is described in our copending UK Patent Application 
No 9002925.7 dated 9 February 1990, published as 
EP-A-0 441 600 and US-A-5 192 929. 

The comparteon of the wheel speed signals pre- 
ferably comprises subtracting the sum of the signals 
from one pair of diagonally opposite wheels from the 
sum of the signals of the other pair of diagonally op- 
posite wheels, sensing when the magnitude of the re- 
sult is between 0.05% and 0.6% of the mean of the 
sums and when that magnitude is In said range oper- 
ating a warning device to indicate a tyre is partially or 
completely deflated. 

In addition the comparison may comprise com- 
paring the non-cor reded signals from each of the 
four wheels in turn with the non-corrected signals for 
each of the other wheels, sensing when one of said 
signals is different from the average of all four signals 
by more than 0.1 % and in the event of both this signal 
and the diagonals comparison being in the spedfied 
ranges then indk;ating that the tyre is partially or 
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completely deflated. These signals may be corrected 
by a simple set of controls to allow for variations be- 
tween the tyre by means of calibration carried out at 
a constant speed in a straight line. These later conv 5 
parisons provide means of detecting which particular 
wheel of the set is deflated and therefore the provi- 
sion of an indication to the driver as to which wheel 
is concerned. 

Further aspects of the present invention will be- to 
come apparent from the following description by way 
of example only in conjunction with the attached dia- 
grammatic drawings, in which: 

Figure 1 Is a schematic diagrammatic drawing 
showing a deflation warning device for a car with four is 
wheels. 

The apparatus shown in Figure 1 provides a de- 
flation warning device for four wheels, 1. 2, 3, and 4, 
the wheels 1 and 2 being the front wheels and the 
wheels 3 and 4 the rear wheels of a car. Each wheel 20 
1 , 2, 3 and 4 has a wheel speed generating device as- 
sociated with it This may be of the toothed wheel 
type as used to provide a digital signal for electronic 
ABS equipment or merely the single-pulse type which 
generates a pulse one per wheel revolution. In this 25 
case the generator may be a single magnet attached 
to each wheel for rotation therewith and a stationary 
pickup mounted on the suspension. 

The signals from each wheel are carried through 
cables 5 to provide input 6, 7, 8 and 9 to a central proc- so 
essing unit 10. 

Four outputs from the central processing unit are 
connected to four warning indicators 12, 13, 14 and 
1 5, one for each of the wheels respectively. 

The central processing unit 1 0 is basically a conv 35 
puter and in the case where the vehicle already has 
an ABS-system fitted may be the same computer as 
the ABS-system. Alternatively a separate central 
processing unit may be provided. The central proc- 
essing unit 1 0 monitors the various signals and conv 40 
pares them to determine whether or not it should give 
an outward signal to indicate that any tyre on the ve- 
hicle is deflated. 

The central processing unit 1 0 can calculate sutv 
stantially what the vehicle is doing using the four 45 
wheel speed signals. Firstly it can calculate the vehi- 
cle speed at any Instant using either a single wheel as 
a reference or all four and calculating the mean. Sec^ 
ondly it can calculate the apparent longitudinal accel- 
eration of the vehicle by comparing the angular veloc- so 
ity signals from the front and rear pairs of wheels with 
the forward speed calctilated from the mean of the 
angular velocities of all four wheels. It can also calcu- 
late the apparent lateral acceleratbn of the vehicle 
comparing the angular velocity signals for the wheels ss 
on each side of the vehicle and then comparing them 
with the forward speed calculated from the mean of 
the angular velocities of aO four wheels. Thus the cen- 
tral processing unit 10 can calculate substantially ac- 



curately what the vehicle is physically doing which al- 
lows it to then use a particular formula which will be 
described below to correct the wheel speed signals 
for three of the wheels allowing for what the vehicle 
is doing. 

Having obtained the four corrected wheel speed 
signals C1. C2. C3 and C4 the system can then cal- 
culate an error signal dT by comparing the angular ve- 
locities of the wheels according to the formula 

«»T = 2x ^^-1 -^^^> X100 
(C2 - 3 + C1 - 4) 

where 

C1-4 = C1 + C4andC2-3 = C2 + C3. 
This error or dT signal is monitored and the process- 
ing unit senses and indicates a deflation if the signal 
fs greater than 0.05% and less than 0.6%. 

The next step is to find which tyre is punctured. 

The unit carries out this determination by looking 
at the difference between each wheel's non-correct- 
ed angular velocity in turn and the average speed of 
the four wheels using non-corrected speeds CI , C2, 
C3 and C4. If the difference between any one wheel 
and the average is more than 0.1% a second signal 
is generated to indicate which wheel Is partially or 
substantially deflated. 

This check may be performed using speed sig- 
nals corrected to allow for tyre differences in the set 
of tyres by means of simply correcting. This is done 
by running the vehicle in a straight line at a constant 
speed and deriving correction factors. 

As mentioned above this system detects wheth- 
er or not a puncture exists using the corrected wheel 
speed C2, C3 and C4 corrected on the basis of CI be- 
ing itself correct. The correction in speeds is ach- 
ieved by using a formula which comprises: 
C = A1 X speed^ + A2 x speed ♦ A3 x (lateral acceler- 
ation)2 + A4 (lateral acceleration) + AS (fore/aft accel- 
eration) -I- A6 X speed x lateral acceleration **- A7 x 
speed x fore and aft acceleration + AS x lateral accel- 
eration X fore and aft acceleration -t- A9 x speed x lat- 
eral acceleratk>n x lateral fore and aft acceleratton + 
AID 
where 

A1 to AID are constants for the partrcular wheel con- 
cerned. 

The constants A1 to A10 are determined by a pri- 
or calibration for the vehicle and provide corrections 
for the wheel speed concerned to allow for changes 
In rolling radius caused by changes in weight on the 
particular wheel concerned by the effects of acceler- 
ation, braking, etc on the vehicle. The constants also 
correct for the particular vehicle concerned for differ- 
ences due to tyre growth due to wheel speed. 

The constants are found by a practical method by 
means of using a calibration routine which comprises 
driving the vehicle through a full range of accelera- 
tions both longitudinally and laterally in both direc- 
tions of left and right turns and covering all other pos- 
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sible vehicle use conditions. 

This can readily be achieved by driving the vehi- 
cle on a mixed road test and the central processing 
unit constantly monitors the effects on wheel speeds 
and records them. The entire top range results are 
then ignored to avoid later errors, i.e. the top 5 or 1 0% 
of acceleration figures. 

The central processing unit is then set into a mul- 
tiple regression analysis procedure using any of the 
standard techniques to calculate the ten constants A1 
to A10 which gives it the necessary correction system 
to make sure that wheel speeds are made indepen- 
dent of extraneous factors such as weight transfer in 
the vehicle and cornering and acceleration. 

It should be noted that It is not necessary to cal- 
ibrate each vehicle in a particular type by this method 
and the central processing unit may be reprogram- 
med for that model of vehicle because it allows for the 
basic vehicle characteristics which are set by its body 
shape, centre of gravity position and suspension 
characteristics. In some circumstances similar cali- 
bration can be used for more than one type of vehicle 
without recalit>rating but the basic principal of the in- 



that the corrections comprise a further constant 
times the square of the lateral acceleration. 

5 3. A met hod according to Claim 1 or 2 characterised 
by a further constant times fore/aft acceleration 
times lateral acceleration. 

4. A method according to any one of Claims 1, 2 or 
10 3 characterised by a further constant times 

speed times lateral acceleration. 

5. A n^thod according to any one of Claims 1 . 2, 3 
or 4 characterised by a further constant times 

15 speed times fore/aft acceleration. 

6. A method according to any one of Claims 1 , 2, 3, 
4 or 5 characterised by a further constant times 
speed times lateral acceleration times fore and 

20 aft acceleration. 

7. A method according to any one of Claims 1 to 6 
characterised by a further constant times speed 
squared. 

8. A method according to any one of Claims 1 to 7 
characterised by a further fixed constant 

9. A method according to any one of Clainrs 1 to 8 
characterised by a comparison of the corrected 
wheel speed signals comprising subtracting the 
sums of the signals from one pair of diagonally 
opposite wheels from the sum of the signals from 
the other pair of diagonally opposite wheels, 
sensing when the magnitude of the result Is be- 
tween 0.05% and 0.6% for the mean of the sums 
and when the magnitude is in said range operat- 
ing a warning device to indicate the tyre is par- 
tially or completely deflated. 

10. A method according to aaim 9 characterised by 
additionally comparing the non-corrected signals 
from each of the four wheels in turn with the non- 
corrected signals for each of the other wheels, 
sensing when one of said signals is different from 
the average of all four signals by more than 0.1% 
and in the event of both said signals being pres- 
ent indicating that the tyre is partially of com- 
pletely deflated. 

11. A method according to Claim 9 characterised in 
that the signals are corrected relative to one an- 
other based on constants derived from straight 
line running of the vehicle at a single speed. 

Patentanspruche 

1. Ein Ver^ihren zum Nachweisen eines zumindest 



ventlon is that it provides the ability to correct wheel 25 
speeds for all vehicle characteristics in use. 

This correction system may be used with other 
wheel speed comparisons to provide deflation warn- 
ing and can if necessary be used for correction of 
wheel speeds for calculation of other vehide factors. 30 
such as for example torque control. 

Claims 

35 

1. A method of detecting a deflated tyre on a vehicle 
by comparing the rolling radii of the tyres by 
means of comparing angular velocity speed sig- 
nals from wheel speed sensors one at each 
wheel characterised by, before the comparison of 40 
the signals is carried out. calculating corrected 
wheel speed signals for each of the second, third 
and fourth wheels giving corrections for a set of 
factors comprising vehicle speed, lateral acceler- 
ation and longitudinal (fore/aft) acceleration, the 4S 
said corrections each comprising a constant for 
the factor concerned times the respective factor, 
the set of constants for each wheel being derived 
by taking the vehicle through a range of speeds, 
lateral and fore/aft accelerations and using mul- so 
tiple regression techniques and the respective 
factors being calculated from the set of uncor- 
rected wheel speed signals so that comparison of 
the wheel speeds can be made without false sig- 
nals from tyre deflections caused by speed, lat- S5 
eral or fore/aft acceleration induced tyre deflec- 
tions. 

2. A method according to Claim 1 characterised in 
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teitwelse entlufteten Reifens an einem Fahrzeug 
durch Vergleichen der Rollradien der Reifen, In- 
dem Winkelgeschwindigkeitsdrehzahlsignale 
von Radgeschwindigkeitssensoren, einer an je- 
dem Rad. verglichen werden. 
dadurch gekennzetchnet, 
dafi, bevor der Vergleich der Signaie durchge- 
fuhrt wird, korrigierte Radgeschwindigkettssh 
gnale fur jedes der zweiten, dritten und vierten 
Rader berechnet werden, die Korrekturen fur ei- 
nen Satz von Faktoren ergeben, die Fahrzeugge- 
schwindigkelt. laterale Beschleunigung und Ion- 
gitudinale (Vorn/Hinten-)Beschleunigung umfas- 
sen, wobei die Korrekturen Jewells eine KonstarK 
te fur den betrof fenen Faktor multipliziert mit dem 
jeweiligen Faktor umfassen, daK der Satz von 
Konstanten fur jedes Rad abgeleitet wird. indem 
das Fahrzeug durch einen Bereich von Ge- 
schwindigkeiten, lateralen und Vorn/Hinten- 
Beschleunigungen gefuhrt wird und Mehrfachre- 
gressionstechniken verwendet werden. und daB 
die jeweiligen Faktoren aus dem Satz unkorri- 
gierler Radgeschwindigkeitssignale berectinet 
werden. so da& ein Vergleich der Radgeschwin- 
digkeiten ohne falsche Signaie von Reifenverfor- 
mungen durchgefuhrt werden kann, die durch 
von Geschwindigkeit, lateraler oder Vorn/Hinten- 
Beschleunigung hervorgerufenen Reifenverfor- 
mungen verursacht werden. 

2. Ein Verfahren nach Anspruch 1, 
dadurch gekennzelchnet, 

daQ die Korrekturen eine weitere Konstante mul- 
tipllztert mit dem Quadrat der lateralen Beschleu- 
nigung umfassen. 

3. Ein Verfahren nach Anspruch 1 oder 2, 
gekennzelchnet durch eine weitere Konstante 
multipliziert mit der Vorn/Hin ten- Beschleunigung 
multipliziert mit der lateralen Beschleunigung. 

4. Ein Verfahren nach einem der AnsprCiche 1, 2 
Oder 3, 

gekennzetohnet durch eine weitere Konstante 
multipliziert mit der Geschwindigkeit multipliziert 
mit der lateralen Beschleunigung. 

5. Ein Verfahren nach einem der Anspruche 1 , 2, 3 
Oder 4, 

gekennzelchnet durch eine weitere Konstante 
multipliziert mit der Geschwindigkeit multipliziert 
mit der Vorn/Hinten- Beschleunigung. 

6. Ein Verfahren nach einem der Anspruche 1 , 2, 3, 
4 Oder 5, 

gekennzelchnet durch eine weitere Konstante 
multipliziert mit der Geschwindigkeit multipliziert 
mit der lateralen Beschleunigung multipliziert mit 



der Vorn-und-Hinten- Beschleunigung. 

7. Ein Verfahren nach einem der Anspruche 1 bis 6, 
5 gekennzelchnet durch eine weitere Konstante 

multipliziert mit dem Quadrat der Geschwindig- 
keit 

8. Ein Verfahren nach einem der Anspruche 1 bis 7, 
10 gekennzelchnet durch eine weitere feste Kon- 
stante. 

9. Etn Verfahren nach einem der Anspruche 1 bis 8. 
gekennzelchnet durch einen Vergleich der korrt- 

15 gierten Radgeschwindigkeitssignale, welcher 

umfa&t, da& die Summen der Signaie von einem 
Paar diagonal gegenuberliegender Rader von 
der Summe der Signaie vom anderen Paar diago- 
nal gegenuberliegender Rader subtrahiert wird. 

20 dad wahrgenommen wird. wenn der Betrag des 

Ergebnisses zwischen 0.05 % und 0.6 % fur den 
Mittelwert der Summen liegt, und da&. wenn der 
Betrag in dem Bereich liegt, eine Warnvorrich- 
tung betatigt wird. um anzuzetgen, daB der Rei- 

25 fen teilweise oder voilstandig entluftet ist 

10. Ein Verfahren nach Anspruch 9, 
dadurch gekennzelchnet, 

da& zusatzilch die nicht-korrigierten Signaie von 
30 jedem der vier Rader ihrerseits mit den nicht- 

korrigierten Signalen fur jedes der anderen Ra- 
der verglichen werden, dad wahrgenommen wird, 
wenn sich eines der Signaie vom Durchschnitt al- 
ler vier Signaie um mehr als 0.1 % unterscheidet, 
35 und da& in dem Fall, daft beide Signaie vorllegen. 

angezeigt wird, daB der Reifen teilweise oder 
voilstandig entluftet ist. 

11. Etn Verfahren nach Anspruch 9, 
40 dadurch gekennzelchnet, 

daB die Signaie relativ zueinander korrlgiert wer- 
den, und zwar gestutzt auf Konstanten, die von 
einem Geradeausfahrtietrieb des Fahrzeugs t>ei 
einer einzigen Geschwindigkeit at}geleltet wer- 
45 den. 



Revendlcatlons 

50 1. Proc^d^ de detection d'un pneumatique d^gon- 
fid sur un vdhicule. par comparaison des rayons 
de roulement des pneumatiques effect u6e par 
comparaison de signaux de vitesse angulaire 
provenant de capteurs de vitesse de roues ii rai- 

65 son d'un par roue, caract6ris6,avant la comparai- 

son des signaux. par le catcul de signaux corrtgds 
de vitesse de roues pour chacune des seconde, 
troisi6n>e et quatri^n^ roues, par utilisation de 
correctk>ns correspondent ^ un ensemble de fac- 
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teurs comprenant la vltesse du v^hicule. Facc^ 
(Oration tat^rale et racc^l^ration longitudinale 
(avant-arii^re). les corrections comprenant cha- 
cune une constante correspondant au facteur 5 
concern^ multipli^e par le facteur respectif. Ten- 
semble de constantes destinies d chaque roue 
6tant d6riv6 par d6placement du v6hicute dans 
toute une plage de vitesses, d'acc^l6 ration lat6- 
rale et d'acc6l6ration avant-arridre et par utllisa* w 
tton de techniques de regression multiple, tes fac- 
teurs respectifs ^tant calculus d parttr de Ten- 
semble de signaux de vltesse non corrig6s de 
roues af in que la comparalson des vitesses de 
roues pulsse §tre effectu6e sans signal errond is 
dus au fl^hlssement des pneumatiques provo- 
que par la vitesse, Tacceieration Iat6rale et/ou 
Tacceieratlon avant^arridre. 

2. Procedd salon la revendication 1 . caracterisd en 20 
ce que les corrections mettent en oeuvre une 
constante suppiementaire muttiplide par le carrd 

de {'acceleration laterale. 

3. Precede selon la revendication 1 ou 2. caractern 25 
se par une constante suppiementaire multipliee 

par racceieration avant-arriere et multipliee par 
I'acceieration laterale. 



entre 0,05 % et 0.6 %. de la moyenne des sonv 
mes et« lorsque Tampiitude est dans ladite plage, 
la commande d'un dispositif d'avertissement 
destined indiquer que le pneumatique estdegon> 
fie partiellement ou totalement 

10. Procede selon la revendication 9. caracterise par 
la comparaison suppiementaire des signaux non 
corriges de chacune des quatre roues tour d tour 
avec tes signaux non corriges de chacune des 
autres roues, la detection du moment oO Tun des 
signaux est different de la moyenne des quatre 
autres signaux de plus de 0,1 % et, lorsque ces 
signaux sont presents, rindicatton du fait que le 
pneumatique est degonfie partiellement ou tota- 
lement 

11. Precede selon la revendication 9, caracterise en 
ce que les signaux sont corriges Tun par rapport 
e I'autre d'apres les constantes derivees par de- 
placement en ligne droite du vehicule d une seule 
Vitesse. 



4. Precede selon Tune des revendications 1 . 2 et 3, 30 
caracterise par une constante suppiementaire 
multipliee par la vitesse et multipliee par racce- 
ieration laterale. 



5. Procede selon Tune des revendications 1. 2, 3 et 3S 
4, caracterise par une constante suppiementaire 
multipliee par la Vitesse et multipliee par racce- 
ieration avant-arriere. 



6. Procede selon Tune des revendications 1, 2, 3, 4 40 
et 5, caracterise par une constante suppiementai- 
re nnuUipttee par la vitesse, multipliee par I'acce- 
ieration laterale et multipliee par Tacceieration 
avant-arriere. 

45 

7. Procede selon I'une des revendications 1 e 6, ca- 
racterise par une constante suppiementaire mul- 
tipliee par la vitesse au carre. 



8. Precede selon Tune des revendications 1 e 7, ca- so 
racterise par une constante fixe suppiementaire. 



9. Precede selon Tune des revendications 1 d 8. ca> 
racterise par une comparaison des signaux corri- 
ges de vitesse de roues comprenant la soustrac- ss 
Vton des signaux d*une paire de roues opposees 
en diagonals de la somme des signaux de I'autre 
patre de roues opposees en diagonale, la detec- 
tion, lorsque Pamplitude du resultat est comprise 
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